A retrospective study was undertaken to review the clinical presentation, evaluation, management, and outcome of otogenic lateral sinus thrombosis (LST) in children. All pediatric patients with LST seen in our department between 1999 and 2007 were included; there were 9 cases involving 6 boys and 3 girls whose ages ranged from 8 to 12 years. Th ey had all been treated with antibiotics elsewhere prior to admission, and the duration of symptoms before admission ranged from 5 to 18 days. Th e most common presenting symptoms were ear discharge, headache, otalgia, and fever. Radiologic evaluation included computed tomography and magnetic resonance imaging. All patients underwent radical mastoidectomy with incision of the lateral sinus and removal of its content. Th ere were no deaths. Pseudomonas and Proteus spp were the most commonly identifi ed organisms. Otogenic LST still poses a serious threat that warrants immediate attention and care. It is oft en associated with other intracranial complications, such as cerebellar abscess. Computed tomography and magnetic resonance imaging play an important role in the management of this disease. Early and aggressive surgical intervention of this otogenic complication can potentially minimize mortality.
Introduction
Lateral sinus thrombosis (LST) is a rare and potentially devastating complication of otitis media that oft en occurs in association with other intracranial complications. Its incidence has decreased because of the introduction of broad-spectrum antibiotics, early diagnosis, and surgi-cal treatment. Th e classical picture of this condition is oft en altered by previous antibiotic therapy and associated intracranial complications, causing diagnostic and management challenges.
LST accounts for 6% of all intracranial complications in the era of antibiotic treatment of suppurative ear disease. 1 It is generally considered the third or fourth most common complication among all intracranial complications of chronic otitis media. 2 LST may appear in children as a complication of acute otitis media, but nowadays it is more frequently encountered in adults with long-standing chronic ear disease. 3 It is a well-known otogenic complication with serious consequences if left untreated. 4 Th e involvement of the lateral sinus during the course of ear infection was also a well-known complication in the preantibiotic days. 5 In that era, LST oft en led to septic emboli and death in the majority of patients. 2 Early antibiotic therapy during initial otitis and mastoiditis has contributed to the decrease in the incidence of LST. [6] [7] [8] [9] Th e less frequent and changing clinical presentation of LST has made its early diagnosis more diffi cult. Prompt diagnosis of LST requires a high index of suspicion and a fi rm understanding of its varied clinical presentations. 10 A retrospective study was undertaken to determine the current assessment of the symptoms and signs, management, and outcomes of patients with LST.
Patients and methods
Th e objectives of this study were to review the clinical signs, symptoms, and bacteriology of septic otogenic LST in children and to defi ne its current management. Th e study involved pediatric patients who were admitted for the management of LST from January 1999 to December 2007.
Diagnosis and patient selection. All patients underwent a detailed clinical examination. Investigations included a complete blood count, ear pus culture and sensitivity, computed tomography (CT) of the head and LATERAL SINUS THROMBOSIS IN CHILDREN: A REVIEW was present in 3 patients, and edema and tenderness over the mastoid region (Griesinger sign) was present in 2 patients (fi gure 1). Postaural fi stula, facial palsy, and lateral rectus palsy were each seen in 1 patient.
Associated complications. An associated intracranial complication was present in 6 patients (66.6%). Four patients had a cerebellar abscess (fi gure 2, A), 3 had meningitis, 1 patient presented with a temporal lobe abscess (fi gure 2, B), and 1 had otitic hydrocephalus (fi gure 2, C). Th ree patients (33.3%) had more than one concomitant intracranial complication. Th ree patients (33.3%) had concomitant extracranial complications: 1 had a postaural fi stula, 1 had facial palsy, and 1 had lateral rectus palsy with petrous apicitis.
Microbiology. No patients were anemic. An ear culture was positive in 5 patients (55.5%). Th e most common organisms cultured were Pseudomonas and Proteus spp. brain, and plain and contrast-enhanced magnetic resonance imaging (MRI). Only patients with surgically and radiologically proven LST were included in this study.
Demographics. Of the 9 patients in this study, 6 were boys and 3 were girls, for a male-to-female ratio of 2:1; 7 were from rural areas and 2 were from urban areas. Th e patients' ages ranged from 8 to 12 years (mean 10.2 years) (table 1). All patients had been treated with antibiotics elsewhere prior to their admission. Th e time between onset of symptoms attributable to LST and presentation to the hospital ranged from 5 to 18 days, with an average time of 12 days.
Symptoms. Th e most common presenting symptoms were ear discharge, headache, otalgia, and fever. Ear discharge was present in all cases. Headache was present in 7 patients, otalgia in 6 patients, and fever in 5 patients. Other symptoms were vomiting in 3 patients, vertigo in 3 patients, and swelling in the mastoid region in 2 patients.
Results
Otologic fi ndings. Th e right lateral sinus was involved in 7 patients and the left lateral sinus in 2 patients. Cholesteatoma with attic/marginal perforation and granulations were present in all patients. Neck rigidity Other organisms isolated were Staphylococcus spp. In 3 patients, the culture showed a mixed infection, and in 2 patients, infection was caused by a single organism. Blood cultures were negative in all patients. Radiology. CT scanning was done for all patients, and the "delta sign"-an empty triangle at the level of the lateral sinus, consisting of the clot surrounded by a highintensity rim of contrast-enhanced durawas demonstrated in 3 cases (fi gure 3). Magnetic resonance angiography (MRA) (fi gure 4) and MRI with contrast (fi gure 5) showed thrombi in all 9 patients.
Treatment
All patients were administered broad-spectrum antimicrobial therapy. Neurosurgical interventions-drainage of intracranial abscesses-were done as needed. Th e patient with otitic hydrocephalus underwent a ventricular shunt procedure.
All patients underwent radical mastoidectomy with incision of the lateral sinus wall and removal of its content. In all patients, aft er adequate exposure of the sinus wall, confi rmatory needle aspiration of the sinus performed with an 18-gauge needle. Care was taken to avoid penetrating the medial wall of the sinus and avoid entering the intracranial space. Pus was aspirated in 6 patients; an 8-mm vertical incision was made on the lateral wall of the sinus, and the pus was gently sucked out using a soft catheter. Fresh bleeding from the sinus occurred in 4 patients; this was controlled by placing packing between the walls of the sinus and bone. Even aft er removal of contents, there was no fresh bleeding in the other 5 cases. LST with perisinus abscess was present in 3 patients.
No postoperative complications were observed, and none of our patients required an internal jugular vein ligation or anticoagulation therapy. Th ere were no deaths. Th e total number of hospitalization days ranged from 21 to 37 days, and follow-up ranged from 6 to 12 months. One patient had had facial palsy with LST; 6 weeks aft er surgery the facial nerve recovered completely. Another patient had had petrous apicitis and lateral rectus palsy with LST and recovered completely 3 weeks postsurgically.
Discussion
LST occurs when an infection causes thrombophlebitis of the small venules surrounding the outer dural wall of the sigmoid sinus or erosion of the bone overlying the sigmoid sinus, such as with cholesteatoma, or when the infection spreads to the sigmoid sinus through a dehis- cence in the overlying bone. 10 It usually develops as a complication of chronic otitis media caused by the direct dissemination of the infection through the neighboring eroded bone. 8 It has also been reported in patients with an intact sigmoid plate, indicating propagation by thrombophlebitic spread through the small emissary vein. 8, 11 In the present study, the sinus plate was eroded in all the patients.
LST ranked second only to meningitis in the preantibiotic era as the most frequent fatal complication of otitis media, and it occurred largely as a complication of acute otitis media. 12 In a 2004 series by Seven et al, all cases of LST resulted from chronic otitis media with cholesteatoma, 2 as did ours.
A concise defi nition of the clinical picture of LST secondary to chronic otitis media remains elusive because of variability in patient presentation, the presence of concurrent complications, or the eff ects of preadmission treatments. Some patients have life-threatening septicemia at diagnosis, whereas in others, LST is relatively asymptomatic and detected only during imaging studies. 2 Clinical features vary according to the stage of the disease. Th e most frequent presenting symptoms are headache, otalgia, fever, otorrhea, vomiting, and neck pain. 4, 7, 12, 13 Th e classic case of LST in the preantibiotic era typically produced a "picket-fence" fever curve, due to periodic release of hemolytic streptococci from a septic sinus thrombus. 6 Occlusion of the lumen of the sinus interrupts cortical venous circulation and results in headache, papilloedema, and increased intracranial pressure. Tenderness and edema over the mastoid are pathognomonic of LST, and they are caused by refl ex thrombosis of the mastoid emissary vein. 12 Extension of thrombophlebitis to the jugular bulb and internal jugular vein may present as a tender mass in the neck along or across the sternocleidomastoid muscle. 14 In our study, all patients presented with at least one of the symptoms or signs suggestive of an intracranial complication. Ear discharge (100%), headache (77.7%), otalgia (66.6%), and fever (55.5%) were the most common symptoms. Cholesteatoma and granulations were present in all of our cases. Th ree patients had neck rigidity, and Griesinger sign was present in 2 patients. Th e presence of LST mandates further investigation for additional intracranial complications. 7 Concomitant complications are commonly encountered in patients with LST; these include meningitis, intracranial abscesses, and internal jugular vein thrombosis. 3 In a study by Kaplan et al, 12 of 13 patients (92.3%) had concomitant complications. 3 In a study by Manolidis and Kutz, 5 of 12 patients (41.7%) had concomitant complications. 1 In the present study, 6 of the 9 patients (66.7%) had concomitant complications, which posed a diagnostic challenge because of the wide overlap of their clinical presentation with that of LST. Th ree patients (33.3%) had more than one concomitant intracranial complication. Four patients had cerebellar abscess, 3 had meningitis, 1 had temporal lobe abscess, and 1 patient had otitic hydrocephalus.
Th e antibiotic era has seen a change in not only the clinical presentation of LST, but also in the bacteriology. 6 Since chronic, rather than acute, infection more commonly precedes LST, cultures characteristically yield mixed fl ora, including Bacteroides, Staphylococcus, Enterobacteriaceae, Proteus, Pseudomonas, and other species. [6] [7] [8] Beta-hemolytic Streptococcus is no longer the dominant organism. 6, 11 Syms et al reported anaerobic organisms in 100% and Proteus spp in 66.7% of patients with LST secondary to chronic otitis media, and they noted mixed infection in all cases. 7 Staphylococcus aureus and Escherichia coli were present in one patient. Th e most common organisms identifi ed in the present study were Pseudomonas and Proteus spp. Ear swab cultures were negative in 4 cases, which might have been due to preadmission antibiotic use and diffi culties in culturing anaerobes. Since antibiotics are commonly used during the prodromal ear infection, the blood culture is oft en negative. 5, 6 Even in our patients, blood cultures were negative.
Imaging in LST is considered a diagnostic aid, as the defi nitive diagnosis of LST is made at surgery. 3 CT and MRI are the investigations of choice. CT is useful in demonstrating the classic delta sign. Th e delta sign is not always detectable, and not all thrombi can be demonstrated by CT. However, CT can also help to rule out other intracranial complications. 3, 13, 15 MRI is more sensitive than CT in detecting a thrombus. It shows blood fl ow, sinus obstruction, and subsequent reversal of fl ow. On gadolinium-enhanced MRI, a thrombus appears as a soft -tissue signal associated with the bright vascular appearance of the dural wall-the delta sign as seen with gadolinium-enhanced MRI. 13, 15 Although MRI is the imaging modality of choice, it should be performed in conjunction with CT, thereby fully evaluating any associated otologic and cerebral pathology. 15 Th erapy for LST consists of antibiotic treatment and surgery. 3 Lane performed the fi rst successful surgery for LST in 1888. 13 Until then, the mortality rate for this complication was 100%. 16 Simple surgical management of LST in the preantibiotic era reduced the mortality rate from 100% to 30%. Th e addition of antibiotics further reduced the mortality rate to 10%. 1, 17, 18 However, medical management requires prolonged administration of antibiotics. 1, 7 Mastoidectomy with incision of the lateral sinus, removal of the clot, and local packing are considered the standard of care. 3 Removal of all perisinus infection is mandatory for eff ective treatment. 2 Before the introduction of antibiotics, it was felt desirable to obtain free bleeding from each end of the incised sinus, but now it is thought to be unnecessary to follow the clot centrally to obtain free bleeding, nor is it thought necessary to remove an organized thrombus. 19 Most authors agree that there is no place for anticoagulants in the management of LST. 3, 6, 12 Th is practice was more common prior to the advent of antibiotics. 3 Unless a thrombus propagates aft er surgery, anticoagulants are not recommended. 7, 9 Although anticoagulants arrest the spread of thrombosis, they may also increase the risk of venous infarctions. 13 None of our patients required anticoagulant therapy.
Internal jugular vein ligation was performed almost routinely in the preantibiotic era, to avoid dissemination of thrombophlebitic processes and septic emboli. 8 In the modern antibiotic era, however, internal jugular vein ligation is reserved for those cases in which septicemia and embolization do not respond to initial surgery and antibiotic treatment. 12, 13, 16, 19 None of our patients required internal jugular vein ligation.
Studies by Seid and Sellars in 1973 18 and Teichgraeber et al in 1982 6 had mortality rates of 23% and 16%, respectively. In a 1999 retrospective study by Kaplan et al, the mortality rate was found to be 7.6%. 3 Studies by Samuel and Fernandes in 1987, 17 Amirmajdi in 1988, 5 Syms et al in 1999, 7 Bradley et al in 2002, 20 Ooi et al in 2003, 4 Seven et al in 2004, 2 and Manolidis and Kutz in 2005 1 showed 0% mortality rates (table 2). In our study, there was no mortality among our patients, and there were no complications related to the surgery.
In conclusion, LST has become a rare complication of otitis media, but it remains potentially fatal. It frequently occurs in association with other intracranial complications, most commonly cerebellar abscess. Associated intracranial complications are diffi cult to diagnose because of the overlap with LST in the clinical picture.
Children with otologic disease, headache, otalgia, and fever need careful evaluation for LST, with further laboratory and radiographic testing. CT and MRI studies with contrast are essential for accurate diagnosis and treatment planning. Aggressive medical therapy with 
